Abstract-This paper reports selected results from a study designed to understand the potential and limitations of a mobile application in promoting health awareness of depression to patients, their families and others. The mobile application was developed with a user-centered approach, which emphasized user preferences and opinions throughout an iterative process of development. It comprised medical information about depression, and causes, symptoms and methods of treatment. We conducted several design and evaluation sessions with a group of users (patients, their family, doctors, nurses and general users). Our findings demonstrate that the mobile medical application has the potential to improve and increase awareness among patients and their family members.
I. INTRODUCTION
According to the World Health Organization (WHO), depression is a common mental disorder that is characterized by "depressed mood, loss of interest or pleasure, feelings of guilt or low self-worth, disturbed sleep or appetite, low energy, and poor concentration" [1] . It is a real medical condition, with biological and psychological factors. Several studies have shown clear changes in the brain during a period of depression; however, in general it affects the whole body, not only the brain [2] .
Depression is identified by a number of symptoms, which may last for a few weeks, which subsequently causes damage and suffering to patients' lives [3] . It leads to functional deficits, causing social problems for patients when they are at work or with their family [3] , [4] . According to WHO (1992) , 340 million people around the world are affected by depression, which often leads to social withdrawal, divorce, suicide, [5] and financial problems [6] .
The National Health and Morbidity in Malaysia survey in 2011, found that 12% of Malaysians aged 18-60 have some form of mental illness, 2% suffer from depression, 1% from psychosis and 1.8% from worrying [7] . The National Suicide Registry Malaysia reported an average of 60 cases of suicide each month from people suffering with depression [7] .
The use of technology in sharing and delivering medical information to psychiatric patients is increasingly recognized and accepted in the medical field as a means to improve the quality of medical services [8] . Self-awareness is an essential component of personal health [9] , [10] and it has been found that educating patients about the nature of their illness and how to cure, overcome or manage the disease has a large influence on raising patient awareness [11] .
Currently, there are many mobile applications that have been developed for mental illnesses, which allow patients and their family members to access medical information at any time. Most of these applications provide basic information on the assessment of mood [12] . However, some patients are nonEnglish speakers so they may not able to benefit from the information due to language difficulties. The aim of this study is to understand the potential and limitations of the usage of mobile applications in promoting awareness of depression among patients and their family members in Malaysia using local language. The paper is structured as follows. The next section will discuss related work. The third section outlines the methodology and the procedure used in the study. The final section presents the results based on the evaluation sessions conducted with a group of users.
II. RELATED WORK
There are several mobile applications that have been developed for depression. Morris [13] developed and tested an application to increase health awareness among patients which allows users to record their feelings and emotions. Upon doing so, the application will send appropriate remedial training for their psychological treatment. Burns [14] developed a mobile application called Mobilyze! In three separate studies, Watts [15] , Johannson [16] and Perini [17] evaluated the same treatment program known as "The Sadness Program" [15] and as the "Get Happy Program" in [16] and [17] . The program includes six lessons for eight weeks. The lessons include a story of a girl named Jess who suffers from depression and how she is able to overcome the disease by following certain methods, which patients can apply in attempt to overcome their own illness. Proudfoot [18] examined the efficiency of using CBT (computerized cognitive-behavioral therapy) in treatment of depression by using "Beating the Blue" which is a package of eight interactive computerized cognitive behavioral therapy sessions. Each session lasted for 50 minutes and was followed by a report at the end of the session to measure response variables (depression, negative behavior, positive behavior and social adjustment). Proudfoot found that using CBT led to improvement in all response variables in addition to satisfaction with the treatment. Farzanfar [19] evaluated an automated system which is a TLC (TelephoneLinked Communications) depression system where patients answered nine questions via telephone. The system was designed to be a human-like agent to help patients to monitor the disease and provide them with support for self-care. He interviewed the patients weekly in order to examine whether the patients anthropomorphized the system or not. Many suggestions were made by patients to enhance CBT to create an illusion of the system as human.
Gaggioli [20] collected information on patient's activities through a daily questionnaire in addition to their heart rate. The application could investigate the relations between the collected variables in order to determine the changing in patient's mood over time. A study carried out by Proudfoot [21] found that the community positively accepted the use of mobile application for the treatment of mental illnesses such as anxiety and depression. The findings of the study showed that people with depression or anxiety were more willing to use the application for longer periods and accept received messages that relay their moods and behavior.
Most mental disorder applications can provide a good treatment to different users with less cost than regular treatment [22] . The majority of previous applications focused on treatment and collected information about the patients' day-today mood. This paper introduces the idea of integrating information relating to depression (symptoms, causes and treatment) in an application. The success of the medical application depends on the efficiency of its information and its provider [23] . Our application was approved by a psychiatrist from the Faculty of Medicine and Health Sciences of Universiti Putra Malaysia (UPM). The application was designed to educate patients and their families about depression. Since smart phones enable users to capture pictures and videos [22] , we used animations to simplify medical information that would typically be more difficult to read and understand in medicine books.
III. METHODOLOGY
The mobile application was developed with a user-centered design method [24] , which emphasizes the needs of users, tasks and work settings requirements in the design of the mobile application. The procedure reduces the conflict between what the user wants and the content of the design, to make optimum use of available resources. The process identifies the user's requirements, prototype design (low fidelity and high fidelity design), and early identification of usability and user experience, which are used to evaluate the design and make changes following user interaction.
A. Identifying the Requirement
Understanding user requirements are important for the success of the design and the project. Collecting user requirements properly will lead to improvements in system quality, and a reduction in cost, by avoiding mistakes. However we consider user satisfaction to be the most important consideration.
The duration of user requirement acquisition is four months. The methods used by the researchers include: (a) formal and informal interviews with doctors, nurses from the Faculty of Medicine and Health Sciences of UPM; (b) the exchange of information with the doctors and nurses via email and telephone call; and (c) the collection of pamphlets provided by the Ministry of Health (MOH) of Malaysia, which were available at the clinical setting. These include an overview and symptoms of depression. During the interview the researcher asked the doctors and nurses to explain the difficulties they face when explaining medical information to patients and their families. They explained that patients would benefit from an easier way of understanding their illness as opposed to complicated medical books that they may find boring. We received a request from a psychiatrist in the Faculty of Medicine and Health Sciences of UPM to develop a health awareness mobile application for depression. Using material derived from her lecture slides, textbooks and a few pamphlets from the clinical setting we developed an animation using various characters to explain the information. They chose the Malay language because most of their patients speak Malay as their first language. The application is based on an IOS platform using IPad, -doctors preferred the IPad because it is light and easy to use. The psychiatrist gave the researchers the right to choose the design of the application.
B. Prototype Design
The use of a prototype in software programing design gives an opportunity for the designer to discuss and test the design with other designers and end users before the actual design is implemented [25] . During the prototype design phase, we developed two sets of prototypes: (a) Low fidelity prototype; and (b) High fidelity prototype.
1) Low Fidelity Prototype
After gathering the user requirements, the researcher designed the basic layout for the interfaces. This stage starts with a few simple sketches; the researcher used PowerPoint to combine the design in order to demonstrate the application to the users. The main interface contained four icons and photos representing the sections designed for the apps which was written in Malay language, such as "Pengenalan" known as the Introduction, "Punca" known as the Causes, "Tanda-tanda" known as the Symptoms, and "Rawatan" known as the Treatment sections as depicted in Fig. 1(a) . Each section consists of two sub-sections. The first sub-section comprised a short and simple animated film as shown in Fig. 1(b) and the second sub-section comprised the text information of the illness as shown in Fig. 1(c) . The researcher introduced the character of a virtual doctor and a patient as depicted in Fig.  1d . In order to explain and deliver the information to the user which the contents and the story flow of the animation was based on the information displayed in the text section. The patient and doctor characters were purposely designed for this application. The characters were designed using Adobe Flash. A 'Home' button is provided in each sub-section in order to provide an option to the user to return to the main interface. The same style and design is applied to each section of the application. Then, the low fidelity prototype was printed out as a series of sequence pages. The low fidelity prototype was presented and tested with two nurses and a psychiatrist. From the evaluation sessions we gathered several inputs and recommendations (changing the introduction, adding another cause and correcting spelling errors) for the next improvement. They were also interested with the idea of using the animation characters of patient and doctor in the application.
2) High Fidelity Prototype
After the initial idea was approved by the psychiatrist during the low fidelity testing, the next level is the design of a high fidelity prototype, in which we transfer the low fidelity prototype (static and non-animated version) into a fully visualized interactive application. During this phase, we developed the high fidelity design by using Xcode 5 (an Apple tool for developing iOS product). We began with the initial interfaces, but changed it after getting feedback from several iteration processes in order to enhance our design and to make it more attractive. The color blue color was chosen as the main theme color which was influenced by the findings presented in the Annual Conference of the American Association of the Advancement of Science in 1990, regarding the successful use of blue light in the treatment of different psychological problems, including depression [26] .
The main interface has been modified with four circles for the main menu items. Each circle leads to each section, whereby the circle design will move in an arc up and down whenever the user interacts in order to select the section as shown in Fig. 2 . The first top circle represents the "Pengenalan" known as the Introduction, the second circle represents the "Punca" known as the Causes, the third circle represents the "Tanda-tanda" known as the Symptoms and the final circle represents the "Rawatan" known as the Treatment sections. When the user selects the section from the main page, lists of sub-topics are displayed as shown in Fig. 3(a) .
In certain sub-topics (e.g. Animasi), the section consists of an animation part (Fig. 3(b) ), which introduces the animation characters as the default page. The user can also switch to a text version of the illness by pressing the Text icon at the bottom of the page as depicted in Fig. 3c . All these interfaces give the user an option to view an animated or text version, and users can transfer between the interfaces by selecting the Back button, which is located at the top left corner, or a Home icon which is located at the bottom of the page in order to return to the main interface as shown in Fig. 3(c) .
C. Evaluation
The evaluation process is a crucial stage in the design and there are various factors that must be taken into consideration to ensure its success. Therefore, we have used a formative evaluation, which is done during the system development to enhance the design.
1) Pilot Study
Three pilot trials were conducted to test the usability of the application and to test the correctness of the implementation when pressing any buttons/icons in the application. The first pilot testing was conducted with one master student at the HCI laboratory at FCSIT, UPM. The second pilot test was conducted with one lecturer in the same university when we installed the application in his iPad. Finally, the third test was conducted with the psychiatrist at the Faculty of Medicine and Health Sciences of UPM. All the testers were selected randomly and they could explore the application without any difficulties that a user may be faced with the first time they use it.
2) Experiment Design
Our experiment is based on an independent experimental design, which includes three different groups of participants: (a) patients and patients' families as the first group; (b) doctors and nurses as the second group; and (c) normal users with some students from computer science faculty in UPM as the third group. We tried to include all the people that might use the application. Since the application will mainly be used by the patients and their families, we focused on them primarily and included the doctors to insure that we could introduce the worthy information for patients. The third group represented the people that might download the application. Each group comprised various participants, which offered us different perspectives (medical, technical and non-technical perspectives). Each participant was asked to perform specific tasks, in order to test the usability of the application. No time limit was set in order to complete the task due to the differences in age, education and IT background.
3) Participants
Thirty participants were recruited in the experiment and they were divided into three equal groups of 10. The first group comprised the patients and their families. This group comprised five patients and five family members with ages ranging from 16 to 50 years (mean=35 years, SD=14 years). The second group comprised nurses and doctors. This group had five nurses and five doctors from the Faculty of Medicine and Health Sciences of UPM and their ages ranged from 27 to 50 years (mean=34 years, SD=7 years). The third group comprised five students from the Faculty of Computer Science and Information Technology in UPM and five others were randomly recruited. Their ages ranged from 20 to 42 years (mean=26 years, SD=7 years). All the participants could speak and read the Malay language fluently.
4) Procedure
The procedure of the experiment is divided into three phases: (a) usability testing; (b) interview; and (c) questionnaire.
Usability testing is the technique used because it gives direct input on how a real user uses the application. The purpose of using this technique is to make sure that the user is able to carry out the tasks that are given to him or her, and to investigate the efficiency, effectiveness and observe the user's experience and satisfaction with the application. The usability testing was carried out at various locations including the clinic, university lab and at the participant's home. This session included 10 tasks that were given to the user to perform. Two cameras were used to record the users' activities. The first camera was used to focus on the application and how the participant used it while they were performing the task. The second camera was in front of the user to capture his/her expression during the session. In addition during the testing, there were two experimenters in the usability testing session that took care of the user needs and monitor the cameras.
After the user had finished the task, a short informal interview session was conducted with the participants about their experience with the application. The user was asked several questions such as his/her opinion of the most attractive part in the application, the information that he/she was able to get from the application, the difficulties faced while using the application, and suggestions to improve the application. The main goal of this interview was to encourage the participant to comfortably express their opinion and discuss the needs with the experimenter.
The last session was the questionnaire session. The questionnaire had two parts: the first part consists of general questions about the demographics of the participants such as their name, age, job and other information relating to their attitude toward the technology (such as the model of mobile that he/she uses and the kind of mobile application that he/she is interested in, in order to get a background of the user's interests). The second part had questions about the mobile application. In this part, the user was asked about each part of the application to see how much of our application was satisfactory. Thirteen questions have been ranked from strongly disagree to strongly agree. The researcher gives each rank a number from 1 to 5 for the purpose of analysis. The last two questions were about the participants' suggestions to improve the application.
IV. DATA ANALYSIS
The data was collected qualitatively and quantitatively. All participants' names were replaced with a code in analyzing the data and only the codes were used to refer to the participants. A total of 30 video recordings of all participants were analyzed by the researcher while they were performing the evaluation tasks. Full transcripts were prepared for each video by the evaluator. In the usability phase the evaluator marked each successful task with one score, in addition to their hand gestures, their facial expressions and the errors that they made for analysis purposes. In the interview phase, the evaluator analyzed the discussion with the participants in order to enhance the application to overcome the difficulties they may have faced in surfing or understanding the medical information. In the questionnaire phase the evaluator compared the scores they had given to each question by each group.
V. RESULTS

A. Usability Phase
Overall, all participants could perform almost 70% of the given tasks. The average time taken was 5.86 minutes minimum and the maximum time that was taken to perform the tasks was 10 minutes by one of the patients who was 50 years old.
The usability test of patients and their families group lasted 67.99 minutes (SD=4.10 minutes). The least time taken to perform the tasks was 3.02 minutes and the longest time was 18.21 minutes. The mean time to perform the tasks was 8.2 minutes. The researcher could not capture any special expression from the patients' family members while they were using the application, but all of them were concentrating on listening to the causes of depression. The patients found some difficulties in pressing specific buttons and they asked to explore the application instead of performing specific tasks that might confuse them. A 50 year old female patient had never used an iPad before, but could perform five of the tasks in any case. She smiled throughout the session and enjoyed watching the animation part. Another patient kept smiling but did not follow the tasks in order. She opened some parts that were not given as tasks. She wanted to explore all the applications.
The usability test for doctors and nurses group lasted 47.68 minutes (SD=2.01 minutes). The least time taken to perform the tasks was 3.57 minutes and the longest time was 8.17 minutes. The mean time to perform the tasks was 5.30 minutes. The majority of the participants in this group performed the tasks with formal facial expressions as they were focused on ending a mission. One of the doctors in this group was very interested in our application. She opened each animation and its related text version and read it carefully. One other hand, one of the doctors said that the information was too simple and asked for more to be added. The nurses gave the researcher some suggestions, which included adding more colors and inserting hits bout the buttons.
The usability test for IT students and the random participants group lasted 40.65 minutes (SD=0.82 minutes). The least time taken to perform the tasks was 2.52 minutes and the longest time was 5.36 minutes. The mean time to perform the tasks was 4.07 minutes. They also appeared serious while using the application. On the contrary, the rest of the people in this group were so excited while performing the tasks. One of them interacted with the character in the animation part. He raised his hand and said "Hi" to the character and was shaking his head frequently during the session. The rest listened and read the contents carefully the as they wanted to learn more about the disease. The students criticized our character since they found some errors in drawing of character's cloth and some incorrect movement of character. All of our participants skipped the text part except one patient that he asked to increase the font size.
B. Interview Phase
During the informal interview session, all participants in the patient and their families group mentioned that the application produced the medical information in a simple way especially that the app is using Malay language. One of the patients said that he had not used an iPad before, but he did not experience any problems with the application. Some of patients were very shy and they generally answered questions in single words. Many of the patients and their families were shocked to learn that depression can be genetic. The patients felt they could speak freely when they heard that depression is a very common illness in Malaysia. The patients tried to discover what kind of depression they had and discussed the causes with the researcher. Alternatively, the families focused on the causes of depression in order to help their relative. Both patients and their families agreed that the app gave them a trustworthy explanation of depression.
In the interview with the doctors and the nurses, their comments tended to focus on the evaluation of the medical information. Some of the doctors said that the information was too simple. However, one doctor believed that the basic information was clear and easy for patients and families to understand. Another doctor was very interested in the application and liked the idea of providing medical information by using animation, in addition to the possibility for installation on an iPad, so a user could read or listen to it at any time.
Whilst comments during the interview session with IT students related to more technical aspects of the animated characters, all of them agreed that the application was easy to use. The majority of participants rated the application average for information and good for design.
C. Questionnaire Phase
A total of 13 participants mentioned that they owned an iPad. Regarding the main purpose of using the mobile, 26 (87%) of the participants mentioned they used for internet services, 21 (70%) used their mobiles for SMS and 15 (50%) for education purposes. Fifteen (50%) of the participants had more than 10 applications in their mobile, 3 (10%) of them had 1-2 applications. Eleven (37%) of them had never downloaded any health application before, 8 (27%) of them downloaded health applications once, and 11 (37%) of them always downloaded health applications.
Overall, a total of 16 (53%) participants agreed and 11 (37%) participants strongly agreed that the application was easy to use and explore, and that it helps them to understand more about the disease; the text part is clear; the color is optimistic; The application successfully simplified the medical information for them. They said that they would use the application and recommend it to others. The nurses and doctors liked the circular movement in the first interface and the duration of the animation was appropriate. Opinions on whether the application provided enough information about depression were mixed.
VI. CONCLUSIONS
In this paper we have discussed the development and evaluation of the use of a mobile application that provides medical information awareness to patients with depression and their families. This application allows the user to read and listen to information on depression, by watching the animation in an easy and amusing way. The evaluation sessions with a group of real users, especially patients and family members helped us to understand their needs in order to provide simple and easy interfaces for them. All users agreed that the depression application was easy to use and explore. Besides, all users listened carefully to the animation and they also preferred listening more than reading. Although the present study provides evidence that our application offers the medical information relevant to patients with depression and their families in a new and easy way, there are plans to enhance the application such as by adding more sections (e.g. a link to a related web site in order to help the patient to get more information); a chatting section to provide space for patients and their families to contact the doctor in person; a section for forum for the patient and family members to discuss their experience with the disease and share it with many others; and also the development of a version both in Malay and English which would bring the benefits of this application to a much wider audience of users.
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